Specific volumes are presented for 4-n-pentyl-4'-cyanobiphenyl (5CB) and trans-4-(4'-octyl-cyclohexyl)-benzonitrile (8PCH) for temperatures between 300 and 370 K up to 300 MPa. The p,V m ,T data were determined for the liquid crystalline and isotropic phases, and partly also for the solid phase adjacent to the melting curve. Stable and metastable crystal phases can be distinguished. The density and melting temperature of the metastable form are lower than for the stable one. Volume and enthalpy changes accompanying the phase transitions are reported as well. The p,V m ,T data allow to calculate the entropy change for a hypothetical transition at constant volume. The molar volumes along the nematic-isotropic phase transition T NI (p) allow to determine the molecular field parameter y = S In T NI /0 In F N ,.
Introduction

P,V m ,T
measurements provide the equation of state, which is indispensable to test molecular statistical theories. Density measurements at atmospheric pressure have been performed in order to investigate pretransition effects at the NI transition and the influence of the alkyl chain length in homologous series [1] [2] [3] [4] [5] [6] [7] . Studies at atmospheric pressure have the drawback that changes of temperature and density are linked. Several authors have highlighted the advantage of constant-volume measurements which provide a better analysis of the roles of attractive and repulsive molecular interactions [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Alkylcyanobiphenyls (nCB) are of particular interest. They have been dielectrically investigated under pressure in [19] . Comparison of the isochoric and isobaric activation energies showed that about 50% of the molecular rotation is affected by volume effects. In the case of 5CB, p, V m , T data were derived from refractive index measurements [18] . It seems to us that accurate volume data are better established in direct p, V m , T measurements.
Experimental
The high-pressure dilatometric cell was previously developed for volume measurements on liquids and Reprint requests to Prof. A. Würflinger; Fax: +492347094183. plastic crystals [20, 21] . The set-up has recently been improved by Jenau [22] and Sandmann [23] . The sample is filled in a cylindrical steel cell closed by a moving piston, whose displacement is recorded inductively, see Figure 1 . In general the data are recorded along an isotherm after equilibration, starting with the highest pressure. Then the pressure is released step by step. The recorded volume changes along an isotherm are connected with the specific volumes at atmospheric pressure. Thus p,V m ,T data are established in the whole p, T range. The densities at normal pressure were determined with a commercial vibrating-tube densimeter Anton Paar DMA58.
The 5CB (M = 249.4 g mol~x) sample was obtained from Merck and used without further purification. The 8PCH (M = 297.5 g mol -1 ) sample was synthesized and purified by R. D^browski in the Institute of Chemistry, Military Academy of Technology (Warsaw, Poland) and kindly provided by Professor Urban. The nematic phases were not oriented in the dilatometer.
Results
4-n-Pentyl-4'-Cyanobiphenyl (4'-n-pentyl-biphenyl-4-carbonitrile, 5CB)
Figure 2 a shows the specific volume of 5CB as a function of pressure and temperature. The steps in the isotherms represent the volume changes at the melting (large step) and the nematic-isotropic transition (small step). Some runs at higher pressure yielded a 0932-0784 / 97 / 1000-0739 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen significantly smaller step that is attributed to the formation of a metastable crystal phase (cr'), see Figure 2b . Metastable phases have been previously described in high-pressure DTA [24] and spectroscopic studies [25] . Literature densities at ambient pressure are available for comparison, see Figure 3 . Data from Orwoll et al. [6] , Sen et al. [2] , Belyaev et al. [3] , Dunmur and Miller [4] , and Labno et al. [26] agree well with our results, but disagree with p, V m , T data reported by Shirakawa et al. [11] , The specific volume data are collected in detail in Table 1. P, F M , T data have been derived by Horn et al. from high-pressure refractive measurements with the aid of the Lorentz-Lorentz equation and special scaling factors [18] . Their data deviate by more than 1% from our results. It has been shown recently that this discrepancy causes significant errors in the evaluation of the isochoric activation energy derived from dielectic relaxation measurements [27] ,
The phase diagram is presented in Fig. 4 , where also previous data derived from DTA measurements have been included [24, 28] . The metastable form cr' melts at somewhat lower temperatures than the stable solid phase. The pressure dependences of the phase transition temperatures have been fitted to polynomials and are collected in Table 2 .
With the use of the Clausius-Clapeyron equation we have evaluated the enthalpy and entropy changes accompanying the phase transitions. The thermodynamic results are presented in Table 3 . Figure 3 shows that a pretransition effect is observed at the nematicisotropic (NI) transition. Therefore it is difficult to determine accurate values for the NI-volume change that was also noted by Orwoll et al. [6] , who report 0.0021 cm 3 g" 1 .
Excluding the pretransition region,
we assign a volume change of 0.45 cm 3 mol -1 (= 0.0018 cm 3 g _1 or 0.18%) to the NI transition.
Dunmur et al. [4] report 0.2% for the NI transition. Clearly, the NI transition is discernible at any pressure in Fig. 2 and does not die away with increasing pressure. At higher pressures the pretransition effect is less pronounced and correspondingly we find larger values for or AF n1 . The volume and enthalpy changes, AF ni , AH ni , increase with rising pressure. However, the large scatter of the tabulated data shows that the accuracy is limited at higher pressures. Therefore the pressure dependence of AF N1 and AH Nl should be noted with reservation.
For the solid-nematic transition the thermodynamic changes are considerably larger. The volume change decreases significantly with increasing pressure, a normal feature of the melting process. The enthalpy change remains constant, whereas the entropy change decreases with increasing pressure. The data for the metastable form cr' are significantly smaller. At atmospheric pressure we find AH cr _ N = 13.82 kJ/mol, which is comparable to AH = 13.39 kJ/ mol reported by Coles and Strazielle [29] , Porter and Schell [30] measured enthalpy changes by DSC and found 16.38 kJ/mol for the melting and 0.42 kJ/mol for the nematic-isotropic transition. 
Trans-4-(4'-Octvl-Cyclohexyl)-Benzonitrile (or trans-4-n-octyl-(4'-cyanophenyl)-cyclohexane, 8PCH)
The phase diagram of 8PCH presented in Fig. 5 was established both by differential thermal analysis [31] and volume measurements [23] , In the DTA study the melting was sometimes considerably shifted to lower temperatures. This lower transition disappeared after appropriate annealing. The lower melting curve is presented in the Figure as a dashed line and is apparently related to a metastable crystal phase cr'. Haase et al. [32] denote the stable form as PCH8A and the metastable form as PCH8B. The lower melting curve was not detected in the pVT measurements. The transition temperatures are included in Table 2 . At atmospheric pressure there is good agreement with data from Haase et al. [32] and K?dziora et al. [33] , Figure 6 shows the specific volumes as a function of pressure for different isotherms. As for 5CB, the nematic-isotropic transition is clearly discernable. The specific volume data are collected in Table 4 and the thermodynamic quantities in Table 5 . As was found for 5CB, the AF NI and A// NI values increase with rising pressure, whereas AF cr _ N and AW _ N decrease. Haase et al. [32] have calculated densities for the crystal phase from X-ray measurements, which agree well with the present work. They determined the enthalpy change on melting with DSC: AH = 37 kJ/mol for PCH8A and 32 kJ/mol for PCH8B. With the use of our volume data we calculate AH -33.3 kJ/mol, which agrees better with PCH8B. However, the melting transition was observed at 308.85 K that corresponds to PCH8A.
Only high pressure data for 3PCH, 5PCH and 7PCH are available for comparison [16] . Similarly to results for 5PCH and 7PCH [16] we observe in the neighbourhood of the nematic-isotropic transition larger compressibilities for the nematic phase than for the isotropic phase.
Discussion
The entropy change, AS tr , at a first-order phase transition can be split into a constant-volume (or configurational) part, and a dilational part [22] . The latter can be evaluated with the help of p,Vm,T data:
AS tr = AS conf 4-(eS/6F) 7 AF tr = AS conf + (Öp/ÖT) F AF tr .
We denote the constant volume entropy (AS tr v in [6] ) as AS conf , because this entropy part is usually related to configurational changes at constant volume. Combining this expression with the Clausius-Clapeyron equation (6p/6T) tr = A5 tr /AP; r we obtain AS con( = [(dp/dT\ r -(dp/dTU]AV lr or AS conf /AS tr = [@p/07\ -(6p/ÖT) v ]/(6p/ÖT) tr .
Orwoll et al. [6] and Horn et al. [18] have applied this procedure to the evaluation of the constant volume entropy for 5CB. They found approximately 50% for the ratio AS conf /AS tr . A similar result was found by Abe et al. [14] for a, co-bis[(4,4'-cyanobiphenylyl)oxy]-alkanes. Using our high-pressure data we find an increasing ratio (~ 0.4 to 0.6) with rising pressure, see Figure 7 . According to this finding only half of the total entropy change AS NI can be associated to the change of the order parameter. This might be useful to elucidate phase transition theories [34] .
Several authors [8] [9] [10] [11] [12] [13] have investigated the pressure dependence of the nematic -»isotropic phase 
